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 i g  h  l  i  g  h  t  s
Normal  cells  communicate  by gap-junctional  intercellular  communication  (GJIC).
Transformed  cells  show inhibition  of  GJIC.
We  adapted  and  automated  a GJIC  assay.
Reproducibility  and  repeatability  (for  cigarette  smoke)  were  3.7%  and 6.9%.
The  assay  could  discriminate  the  promoting  activity  of  different  cigarette  types.
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a  b  s  t  r  a  c  t
Inhibition  of gap-junctional  intercellular  communication  (GJIC)  via  exposure  to various  toxic  substances
has  been  implicated  in  tumor  promotion.  In the  present  study,  cigarette  smoke  total  particulate  matter
(TPM),  a known  inhibitor  of  GJIC,  were  used  to  characterize  a new  GJIC  screening  assay  in three  indepen-
dent  experiments.  The  main  features  of this  assay  were  automated  ﬂuorescence  microscopy  combined
with non-invasive  parachute  technique.  Rat liver  epithelial  cells  (WB-F344)  were  stained  with  the  ﬂu-
orescent  dye  Calcein  AM  (acetoxymethyl)  and  exposed  to TPM  from  the  Kentucky  Reference  Cigarette
2R4F  (a blend  of  Bright  and  Burley  tobaccos)  and  from  two  single-tobacco  cigarettes  (Bright  and  Burley)
for  3  h. Phorbol-12-myristate-13-acetate  (TPA)  was  used  as  positive  control  and  0.5%  dimethyl  sulfoxide
(DMSO)  as  solvent  control.  The  transfer  of  dye  to  adjacent  cells  (percentage  of  stained  cells)  was  used  as  a
measure of cellular  communication.  A  clear  and reproducible  dose–response  of GJIC  inhibition  following
TPM  exposure  was  seen.  Reproducibility  and  repeatability  measurements  for  the  2R4F  cigarette  wereigarette smoke 3.7%  and  6.9%,  respectively.  The  half-maximal  effective  concentration  values  were  0.34  ng/ml  for  TPA,
0.050  mg/ml  for  the  2R4F,  0.044  mg/ml  for  the  Bright  cigarette,  and  0.060  mg/ml  for  the  Burley  cigarette.
The  assay  was  able  to discriminate  between  the  two single-tobacco  cigarettes  (P  < 0.0001),  and  between
the  single-tobacco  cigarettes  and  the  2R4F  (P = 0.0008,  2R4F  vs.  Burley  and  P  <  0.0001,  2R4F  vs.  Bright).
Thus,  this  assay  can  be used  to  determine  the  activity  of  complex  mixtures  such  as  cigarette  smoke  with
high  throughput  and  high  precision.Abbreviations: 2R4F, Kentucky reference cigarette code; CSC, cigarette smoke
ondensate; CV%, coefﬁcient of variation; EC50, effective concentration 50% effect;
JIC, gap junctional intercellular communication; NNAL, 4-(methylnitrosamino)-
-(3-pyridyl)-1-butanol; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone;
AH, polycyclic aromatic hydrocarbon; TPA, phorbol-12-myristate-13-acetate;
PM, total particulate matter.
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1. Introduction
Carcinogenesis is recognized as a multi-stage process
(Yamasaki, 1986; Trosko et al., 2004; Sun and Liu, 2005). The
operational process of tumor development comprises three stages:
exposure to an initiating substance, which has a mutagenic
effect on DNA (initiation stage); proliferation of the cells with
the mutated genome (promotion stage); deregulated cellular
proliferation, resulting in an invasive and metastatic tumor proﬁle
Open access under CC BY-NC-ND license.(progression stage) (Trosko et al., 2004). A breakdown of cellular
communication during the promotion stage has been linked to
the later progression of tumors. Speciﬁcally, a breakdown in
gap-junctional intercellular communication (GJIC) will remove a
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ell from the growth suppression inﬂuence of its neighboring cells
Chipman et al., 2003), leading to the deregulated cell proliferation
Sun and Liu, 2005; Yamasaki et al., 1999) and metastatic proﬁle
Trosko et al., 2004) characteristic of the progression stage of
arcinogenesis. Moreover, the inhibition of GJIC is a typical feature
f non-genotoxic carcinogens (i.e., TPA).
The effect of various substances on GJIC has been investi-
ated, including the effect of cigarette smoke (Chen et al., 2008;
cKarns et al., 2000; McKarns and Doolittle, 1991). Cigarette smok-
ng is a known risk factor for the development of cancer, and
igarette smoke comprises a vast number of chemical constituents
Rodgman and Perfetti, 2009), including more than 60 carcinogens
Hecht, 2003, 2006). In previous investigations of cigarette smoke
xposure, GJIC was found to be inhibited by cigarette smoke con-
ensate from conventional cigarettes (Chen et al., 2008; McKarns
t al., 2000; McKarns and Doolittle, 1991) as well as by exposure
o certain individual components found in tobacco smoke (Blaha
t al., 2002; Chen et al., 2008; Lyng et al., 1996; Sharovskaya et al.,
006; Tai et al., 2007; Upham et al., 2008; Weis et al., 1998).
There are a number of methods available for GJIC assays like
crape loading–dye transfer (SL/DT) or microinjection both using
he non-permeable dye Lucifer yellow or FRAP (Fluorescence Redis-
ribution After Photobleaching) which makes use of the permeable
ye Calcein-AM; however, most of them, such as microinjection,
ay  disturb the cell membrane and compromise the integrity of the
ell (Abbaci et al., 2008). While other methods may  not be invasive,
.g.; the FRAP technology, they are still limited by the numbers of
ells that can be analyzed per experiment or by a fewer number of
xperimental applications (Abbaci et al., 2008), which also applies
or the SL/DT assay.
In the present study, we wanted to explore the GJIC in the
ost commonly used cell type, which is the rat liver epithelial
ell WB-F344, in combination with a more precise and reliable
utomated measurement and analysis tool. This cell line is most
ommonly used in GJIC assays, e.g., FRAP or Scrape Loading–Dye
ransfer (SL/DT), due to its high capacity for gap-junctional com-
unication (Cooper et al., 1994; Rae et al., 1998). We  adapted the
utomated microscopic evaluation technique previously evaluated
n rat glioma C6 cells (Li et al., 2003) to rat liver epithelial cells
WB-F344 cells) for validation of cigarette-smoke-induced changes
n GJIC activity. To facilitate cell staining, we implemented another
ethod previously used for the assessment of GJIC function: the
arachute assay (Ziambaras et al., 1998), which makes use of a
tained cell population that is seeded onto a monolayer of unstained
ells. These combined techniques allowed us to assess GJIC activ-
ty in WB-F344 cells with the automated ﬂuorescence microscope
echnique in a 96-well format (Li et al., 2003).
The combination of the automated ﬂuorescence microscopy
nd the non-invasive parachute technique using WB-F344 cells
as aimed at developing and in house-validating a high-
ontent/medium-throughput GJIC assay that can determine the
nﬂuence of complex mixtures such as cigarette smoke.
. Materials and methods
.1. Cells
Rat liver epithelial cells (WB-F344; Resources Bank, Osaka, Japan; catalog no.
CRB 0193; http://www.jhsf.or.jp) were seeded in a 96-well plate at a density of
 × 104 cells/well (acceptor cells), or in a T25 ﬂask at 1 × 106 cells/ﬂask (donor cells).
ells were incubated at 37 ◦C in humidiﬁed atmosphere (95% air, 5% CO2) in F-12K
utrient Mixture (Kaighn’s Modiﬁcation), 5% fetal bovine serum, and gentamicin
50  g/ml) for 18–24 h. Cell staining was performed using the membrane perme-
ble dye Calcein AM (Invitrogen, Karlsruhe, Germany), which, after uptake by the
ell,  shows green intracellular ﬂuorescence. Only donor cells were stained with
0  M Calcein AM for 20 min  at 37 ◦C, trypsinized, counted, and then added to
 96-well plate with (unstained) acceptor cells at a density of 4 × 103 cells/well.
ucifer Yellow could not be used for this method, because this dye does not enter
n intact cell. Prior to the addition of donor cells, culture medium was aspirateders 219 (2013) 248– 253 249
out. Solvent control (0.5% dimethyl sulfoxide [DMSO]), positive control (phorbol-12-
myristate-13-acetate [TPA]), or TPM was applied together with the stained donor
cells, followed by centrifugation (300 × g for 5 min) of the plates and subsequent
incubation for 3 h at 37 ◦C and 5% CO2.
2.2. Cigarette smoke condensates
10–12 Cigarettes were smoked on a 20-port rotary Borgwaldt smoking machine
(RM20 CSR, Borgwaldt KC, Hamburg, Germany) according to ISO speciﬁcations, i.e.,
35  ml  puff volume, 2 s puff duration, 1 puff per minute for each cigarette (ISO,
2000). Total particulate matter (TPM) was  collected on a Cambridge ﬁlter and dis-
solved in DMSO to a ﬁnal concentration of 25 mg/ml DMSO. TPM from the Reference
Cigarette 2R4F (Chen and Moldoveanu, 2003) a standard reference cigarette con-
taining both Bright and Burley tobacco (University of Kentucky), and two specially
designed single-tobacco experimental cigarettes, i.e., a Bright cigarette and Burley
cigarette, were applied to the cells. Both the Bright and the Burley tobacco were of
US origin. The TPM exposure concentrations from each cigarette were 0.02, 0.04,
0.06, 0.08, 0.1, and 0.12 mg/ml. DMSO (0.5%) was used as the solvent control. TPA
(Sigma–Aldrich; Taufkirchen, Germany) which elicits a dose–response (see Fig. 3)
was used at a concentration of 1 ng/ml as a positive control of GJIC inhibition.
2.3. Cytotoxicity assessments
TPM from the 2R4F, Bright, and Burley cigarettes is cytotoxic (Roemer et al.,
2004, 2009); therefore, prior to assessment of GJIC inhibition (only during dose-
range–ﬁnding experiments), assessments of viability were performed to exclude
cytotoxicity as a source of decreased gap junction activity. Ten l/well of propidium
iodide stock (50 g/ml, Invitrogen, Karlsruhe, Germany) was  used to determine the
number of dead cells in response to 3-h exposure to TPM.
2.4. Analysis of GJIC
Following the 3-h incubation period, culture medium was aspirated and cells
were incubated in 100 l/well ﬂuorescent dye (Hoechst 33342, 10 g/ml) for 10 min.
The  transfer of intracellular ﬂuorescent Calcein from donor to neighboring cells was
determined and, after subtraction of the stained donor cells, expressed as “percent-
age  stained cells” as a measure of GJIC using the Automated Fluorescence Microscope
(ArrayScanVTI, Cellomics, Thermo Fisher Scientiﬁc, Pittsburgh, PA). Calcein AM was
used because the staining procedure is non-invasive, entering the membranes of
intact cells, thus minimizing cellular stress while maintaining cellular integrity. The
ArrayScan VTI was  applied to scan from well to well with dual wavelengths under
a  20× objective lens (Zeiss Plan-Neoﬂuar, NA = 0.4). The excitation and emission
wavelengths for nucleus detection (Hoechst dye) were set centrally at 365 nm and
460  nm,  respectively, with an exposure time of 0.01 s. The excitation and emission
wavelengths for the cytoplasm channel (Calcein dye) were 480 nm and 520 nm,
respectively, with an exposure time of 0.1 s. For each channel, nine picture ﬁelds
per  well were acquired with the autofocusing function on. The average of 12 wells
was taken to give a value of “percentage communicating cells” (ratio green/blue
stained cells) for each concentration tested.
The software “Target Activation” provided by Cellomics was used for the anal-
ysis  of the images. Nucleus area, nucleus perimeter, and ﬂuorescence intensity
of each cell were the key parameters used to quantify the gap junction commu-
nication.For each plate, the half-maximal effective concentrations (EC50) values
were determined from six concentrations and the average of twelve measurements
per concentration. If the solvent control showed less than 85% communicating
cells, the plate was not used for analysis. For the assessment of repeatability and
reproducibility, three different approaches were used for comparison. Acceptance
criteria for reproducibility and repeatability were adopted from the International
Standards Organization guideline 5725 Part II (ISO, 2002) and modiﬁed for calcula-
tions of intraday values. Brieﬂy, the realistic estimation (Approach A) assumed that
standard deviation (SD) of the EC50 for each test cigarette (three plate measurements
per day) was equal to that observed for the three reference intraday replications
(SD = 0.00185). Two more pessimistic approaches (Approach B and Approach C) were
evaluated: Approach B assumed that the SD of the EC50 for each cigarette type on
each day was three times as high as the SD (EC50) for the three reference cigarette
intraday replications (SD = 0.00556), while Approach C assumed that the SD (EC50)
for each cigarette type on each day was  ﬁve times as high as the SD (EC50) for the
three reference cigarette intraday replications (SD = 0.00926).
3. Results
3.1. Smoke chemistry
The yields (means and standard error (N = 4), mg per cigarette)
of the reference, Bright, and Burley cigarettes were 9.53 ± 0.15,
28.3 ± 0.55, 23.3 ± 0.61 for the total particulate matter (TPM),
0.80 ± 0.04, 2.83 ± 0.05, 2.31 ± 0.04 for nicotine, and 1.09 ± 0.03,
3.51 ± 0.07, 3.22 ± 0.11 for water, respectively.
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Fig. 1. Assessments of cytotoxicity. An increase in cytotoxicity (less than 6%)
was  observed only at the highest dose of total particulate matter (TPM) assessed
(0.12 mg/ml  TPM) using propidium iodide (PI). At this concentration the baseline
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Fig. 3. Intraday normalized TPA values. The EC50 value for gap-junctional intra-
cellular communication inhibition observed for TPA was within the subnanomolar
range, 0.34 ± 0.015 ng/ml (0.551 ± 024 nM). EC50, half-maximal effective concentra-
tion; TPA, phorbol-12-myristate-13-acetate.
Table 1
Half-maximal effective concentrations by cigarette type.
EC50 values (mg/ml)
Intraday Interday
Experiment 2R4F 2R4F Bright Burley
Day 1 – 0.0514 0.0419 0.0534
Day 2 – 0.0519 0.0426 0.0522
Day  3 – 0.0453 0.0466 0.0730
Day  4.1 0.0507 – – –
Day  4.2 0.0527 – –
Day  4.3 0.0490 – – –
Mean 0.0508 0.0495 0.0437 0.0595
SD  0.0019 0.0037 0.0025 0.0117
N  3 3 3 3
F
C
g
auorescence activity is determined by the fraction of 20% stained donor cells (using
he  green ﬂuorescent dye Calcein), whereas no communication or ﬂuorescence is
een in acceptor cells.
.2. Viability of cells
Cytotoxicity assessments showed an increase in cell death
≤6%) at only the highest TPM concentrations (0.12 mg/ml), con-
rming that any GJIC inhibitory effects observed were attributable
o substances within the TPM at subcytotoxic concentrations
Fig. 1).
.3. Inhibition of GJIC and dose–response
The mean plate values of communicating cells ranged from
4.98% to 96.49% for the solvent controls (0.5% DMSO), with indi-
idual RSD values up to 6.93% and no inhibitory response (Fig. 2A).
owever, a clear inhibitory response was observed following 3-h
xposure to either TPA (1 ng/ml; Fig. 2B) or TPM from the Reference
igarette 2R4F (0.12 mg/ml; Fig. 2C).
The positive control, TPA, displayed a clear dose-dependency;
he intraday normalized EC50 values (normalized to DMSO con-
rols) observed for TPA resulted in subnanomolar values (Fig. 3)
hat have been previously observed elsewhere (Opsahl and Rivedal,
000). The mean EC50 value for TPA was 0.551 nM ± 0.024 nM (or
.34 ng/ml ± 0.015 ng/ml). Intraday values for the 3 plates (n = 12
er plate) were 0.3417 ng/ml, 0.3190 ng/ml, and 0.3694 ng/ml.
To validate this assay in-house, three independent experiments
ere performed on three different days (interday experiments),hus representing three biological replicates with twelve tech-
ical replicates per plate. When three independent experiments
ere done on the same day with twelve technical replicates per
late (intraday experiments) less variability was detected. This is
ig. 2. Inhibition of gap-junction intracellular communication (GJIC). (A) Solvent contro
alcein  diffusing through gap junctions into neighboring cells, indicating “communicatin
roups indicate a complete inhibition of GJIC compared to the control group. TPM, cigare
cetate.Note: three assays for the reference cigarette (2R4F) were conducted on Day 4.
EC50, half-maximal effective concentration.
typically also for intralaboratory experiments which demonstrate
less variability than experiments conducted in different laborato-
ries (interlaboratoy experiments). The interday and intraday EC50
values (2R4F only) are presented in Table 1. GJIC inhibition by TPM
from 2R4F cigarettes was detected from concentrations approxi-
mately 0.02 mg/ml and above. Normalized intraday comparisons
of the 2R4F-treated plates (n = 12 per plate) showed a reproducible
dose–response curve for the concentration range tested. The EC50
values obtained were 0.051 mg/ml TPM, 0.053 mg/ml  TPM, and
0.049 mg/ml  TPM for Plates 1, 2, and 3, respectively (Fig. 4).
The mean interday EC50 values for the TPM from the 3 cigarette
types were 0.050 ± 0.0037 mg/ml  (2R4F), 0.044 ± 0.0025 mg/ml
l (DMSO), (B) positive control (TPA), and (C) TPM: 2R4F. Green staining represents
g cells”. The reductions observed in both the positive control and the TPM-exposed
tte smoke condensate; DMSO, dimethyl sulfoxide; TPA, phorbol-12-myristate-13-
E. Roemer et al. / Toxicology Lett
Fig. 4. Dose–response curve for the 2R4F (intraday averages derived from 3 inde-
pendent experiments). There was a reproducible dose–response observed following
exposure to the 2R4F TPM over 3 h. TPM, total particulate matter.
Fig. 5. Dose–response curve for TPM from the 3 cigarette types (interday averages
d
c
p
(
d
i
c
c
(
(
i
p
R
o
t
t
n
2
T
V
N
t
merived from 3 independent experiments for each cigarette type). Each of the 3
igarette types displayed a distinct dose–response for GJIC inhibition. TPM, total
articulate matter.
Bright), and 0.060 ± 0.0117 mg/ml  (Burley), with distinct
ose–response curves observed for each (Fig. 5). Normalized
ntraday comparisons of the average EC50 values from the 3
igarette types showed that the present assay was  able to dis-
riminate the 3 cigarette types from each other: 2R4F vs. Bright
P < 0.0001), 2R4F vs. Burley (P = 0.0008), and Bright vs. Burley
P < 0.0001).
For the evaluation of precision (repeatability and reproducibil-
ty) and values for the cigarette types, 3 different estimations
reviously described were assumed and are presented in Table 2.
epeatability and reproducibility (coefﬁcient of variation [CV%])
f the 2R4F at realistic estimations were 3.7% and 6.9%, respec-
ively. With the two most pessimistic estimations of EC50 values,
he reliability of the precision measurements (21.3–23.4%) did
ot exceed the limit of acceptability (i.e., 25%, Tuomela et al.,
005).
able 2
ariability by estimation approach.
Cigarette type Variability values by estimation approach
A B C
2R4F
Repeatability (%) 3.74 4.27 3.14
Reproducibility (%) 6.89 6.78 19.78
Bright
Repeatability (%) 11.23 12.81 9.41
Reproducibility (%) 11.23 12.81 21.07
Burley
Repeatability (%) 18.72 21.34 15.68
Reproducibility (%) 18.72 21.34 23.42
ote: the approach estimations for the 3 intraday replications were: Approach A,
he realistic estimation; Approach B, the pessimistic estimation; and Approach C,
ore pessimistic estimation (see Section 2.4).ers 219 (2013) 248– 253 251
4. Discussion
The results of the basic smoke chemistry analysis (TPM, nicotine,
and water) of the reference cigarette are in good agreement with
historical data obtained in our laboratory (Roemer et al., 2012) and
those reported in the literature (Chen and Moldoveanu, 2003). This
conﬁrms that there were no problems with the generation of the
test material.
The two  single blend cigarette types were very similar regarding
their construction; e.g., cigarette and tobacco weight, cigarette
length, and total alkaloids (data not given). However, due to a
reduced ﬁlter efﬁciency and ﬁlter ventilation, distinctively higher
in their smoke yields than the reference cigarette. Accordingly,
the basic chemistry parameters of the single blend cigarettes are
comparable and do not point to any differences in the combustion
characteristics of these cigarettes.
The assay system responded to CSC in a dose-related man-
ner and, furthermore, was able to discriminate between cigarettes
with different tobacco ﬁllers. This raises the question of which
substances or classes of substances are responsible for the effect
on intercellular communication. Polycyclic aromatic hydrocarbons
(PAHs), which occur in cigarette smoke, have attracted the special
attention of some researchers. PAHs give a considerable response
at a concentration of approximately 50 mol/l in the exposure
medium (Upham et al., 2008; Tai et al., 2007; Sharovskaya et al.,
2006; Blaha et al., 2002). Particularly active are those with a bay
or bay-like region, e.g., methyl anthracene (Rummel et al., 1999).
Assuming a molecular weight of 250 for the PAHs, this corresponds
to 12.5 g PAHs/ml exposure medium. Assuming further a delivery
of 10 ng PAHs/mg TPM (Roemer et al., 2012; Ding et al., 2008), then
0.5 ng PAHs were applied with the 0.05 mg  TPM/ml in our assay sys-
tem to obtain a reduction in gap junctions of approximately 50%.
Accordingly, the amount of PAHs alone is more than three orders
of magnitude too low to explain the response to TPM.
Nitrosated compounds have been identiﬁed as actively inter-
fering with intercellular communication (Tiedink et al., 1991).
There is also one publication where the carcinogenic metabo-
lite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) of
the tobacco-speciﬁc nitrosamine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) has been researched (Lyng et al., 1996).
The authors reported that 5 ng NNAL/ml produced a reversible
inhibition of intercellular communication. Assuming a delivery of
approximately 10 ng NNK/mg TPM or 0.5 ng/0.05 mg  TPM applied
in our system, this points to a possibly relevant contribution to the
effect by this chemical class, especially when considering that other
tobacco speciﬁc nitrosamines may  act in the same direction. How-
ever, there are no reports that these results have been reproduced
in the same laboratory or by other researchers.
Reports on the effect of other smoke constituents, e.g., dioxins
(Warngard et al., 1996) are scarce and do not point to any signiﬁcant
contribution when considering smoke yield.
It could be demonstrated, that combining the non-invasive
parachute technique and the automated ﬂuorescence image analy-
sis system with WB-F344 cells to measure GJIC provides a fast test
system that can be performed in a 96-well format and yields pre-
cise and reliable results. This GJIC assay was  validated with cigarette
smoke condensate. A dose-dependent inhibition of GJIC with TPM
from both single-tobacco cigarettes (Bright and Burley) and the
Reference Cigarette2R4F (a blend containing Bright and Burley
tobacco), with very good reproducibility following the 3-h expo-
sure period. The assay was able to discriminate (via EC50 values,
based on 3 biological replicates with up to 12 technical replicates
each) the individual single tobacco cigarettes from each other and
from the 2R4F. Precision (repeatability, 3.7%; reproducibility, 6.9%)
was better than currently accepted standards in the bio-analytical
industry for cell-based assays, which averages 25% (Tuomela et al.,
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005). The TPA EC50 concentration was within the range of pre-
ious studies (Hakulinen et al., 2004), supporting the accuracy of
his assay to reliably measure GJIC inhibition. We  are aware that
ifferent cells express different connexins (Cx). For example, WB-
344 cells mainly express Cx43 and primary liver and lung cells
o mainly express Cx 32. To investigate whether the differences of
peciﬁc Cx expression would result in different outcomes in this
ssay design, we performed same experiments with primary lung
pithelial (NHBE, normal human bronchial epithelial) cells, which
re also known to express Cx 32. A similar inhibition of GJIC was
een with this cell type, but the variability was strongly increased
data not shown). This was expected as the NHBE cells are primary
ells and not well adapted to in vitro cultivation.
The advantages of the present assay are the use of a robust
etabolically active cell line (WB-F344), the non-invasive nature
f the parachute assay and the increased statistical reliability of
he data. The non-invasive nature of this experimental set-up facil-
tates the investigation of additional endpoints of interest (e.g.,
ytotoxicity, oxidative stress, NFkB translocation or senescence).
f an invasive technique is used, the disruption to the membrane
esults in rapid alterations to the intracellular ionic concentrations
hat may  alter GJIC function, regardless of the stimulus applied
Abbaci et al., 2008; Spray et al., 1982). Because there is no dis-
uption to the cell membrane, cell integrity is maintained. The use
f automated ﬂuorescence microscopy allows a higher throughput
y increasing the number of cells available for analysis. This, in turn,
ncreases the statistical reliability of the data (Abbaci et al., 2008;
i et al., 2003).
. Conclusion
Cigarette smoke total particulate matter (TPM), a known
nhibitor of GJIC, was used to conduct an in-house validation of a
ew GJIC screening assay with automated ﬂuorescence microscopy
ombined with non-invasive parachute technique in WB-F344
ells. There were three independent experiments conducted on
ifferent days to simulate the validation of an assay in different
aboratories. In contrast to other methods like scrape loading–dye
ransfer, microinjection or FRAP, the method presented here com-
ines high sensitivity and high reproducibility with a fast and
outinely usable set-up.
With this set-up, a clear and reproducible dose–response of
JIC inhibition following TPM exposure was seen. Reproducibility
nd repeatability values for the 2R4F cigarette were 3.7% and 6.9%,
espectively. The assay was able to discriminate between Bright,
urley and 2R4F cigarettes.
This assay is an adequate tool for determining GJIC activity in
ells exposed to cigarette smoke, and may  be used to identify poten-
ial tumor-promoting capabilities of other complex mixtures of
ompounds.
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